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ON THE STEEL-COMPRESSING ARRANGEMENTS 
AT THE BARROW WORKS. 

- 
BY AIR. A L ~ R E D  DAVIS, OF LONDOX. 

The unsoundness of Steel Castings, particularly in  the case of 
ingots made by the Bessemer or Siemens-Martin process, has given 
manufacturers considerable trouble, and occasions much waste of 
material. 

A good deal has been stated and written of late as to the cause 
of this unsoundness, which occurs principally at the upper end of 
the ingot ; but it appears now to be pretty generally conceded that 
the defects proceed from two distinct causes :-lst, the existence 
of gases, generated at the point of transition from the fluid to the 
solid state, which are imprisoned in the form of bubbles when 
the surrounding metal becomes solid; and 2ndly, the existence of 
spaces formed by the natural contraction of the metal in cooling, 
by reason of the outer skin first becoming solid, and refusing to  
follow up the interior portion of the ingot, which subsequently 
cools, and consequently occupies a smaller space. 

Various systems, designed to cure this evil, have already been 
discussed before this Institution. The system which' is here 
described, namely that of compressing fluid steel by the direct 
application of High-pressure Steam, has recently been adopted at 
the Barrow HBmatite Steel Works, and by Messrs. Bolckow 
Vaughan & Co., and has the merit of simplicity combined with 
efficiency. The arrangements adopted for the purpose are founded 
upon those used by Mr. H. R. Jones of the Edgar Thompson 
Steel Works, Pittsburg, U.S., where the system has been worked for 
some years. 
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The exact plan in operation at the Edgar Thompson Steel Works 
is shown in Plate 53, Figs. 1 to 4. A high-pressure steam boiler is 
provided, and communicates with a receiver or steam-drum R, which 
is attached to the side of the ingot crane and is furnished with a 
row of cocks corresponding with the number of ingot moulds. 
From these cocks strong india-rubber pipes convey the steam to 
the ingot moulds, which are ranged in the arc of a circle round 
the ladle crane, as shown in Pig. 1. The metal from the ladle 
is poured through a loose pouring cup, which rests on a conical 
seat at the top of the ingot mould, as shown enlarged in Fig. 3. As 
soon as the pouring is finished, this cup is removed ; and a lid, having 
the steam-pipe ready coupled to it, is placed on the top of thc 
mould, and secured to it by a steel cotter, as shown enlarged in Fig. 4. 
The cock on the receiver is then opened, and the steam allowed to act 
upon the metal untilit has completely set. The result of this pressure 
is to make the ingot sensibly shorter than when cast in the ordinary 
manner, the difference, according to experiments made at the Edgar 
Thompson Works, being from 14 in. to 2 in. in a 5 ft. or 6 ft. 
ingot. The in@s when cold are perfectly level at the top, and 
there is no porous head requiring to be cut off. 

The arrangements at first proposed by the Barrow Steel Go. differ 
somewhat from those in operation at the Edgar Thompson Works, 
and require only a very brief explanation. The ingot moulds, 
which are of similar construction to those used by the Edgar 
Thompson Co., are not ranged in a circle, but placed in a row within 
a dock or siding, the centre line of which runs to the centre of the 
pit. The metal flows from the ladle into a trough mounted upon 
wheels, and provided with runners at points corresponding with thc 
centres of the ingot moulds when the trough is in position. This 
trough runs upon rails, placed on either side of the row of ingot 
mouIds, and can readily be removed after the moulds are charged. 
Each mould is provided with a steam-tight cover, having D 

wrought-iron pipe attached to it, furnished with a stop-cock. This 
pipe communicates at right angles with the main steam-pipe, which 
runs parallel with the side of the dock. The junction of the branch 
steam-pipes with the main is formed by means of a cast-iron sleeve- 
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piece, with stuffing-boxes, to enable the covers, with their respective 
cocks and pipes, to be thrown back out of the way when not in use. 
This plan was found inconvenient in many respects, and has beec 
discontinued. 

The arrangement shown in Plate 54 was designed by the author, 
and is now in operation at the Barrow Works. The ingot moulds 
are fixed in position in the same manner as at the Edgar Thompson 
Works (Fig. I), but the method of securing the bottom joint of the 
mould is somewhat different. Fig. 8, Plate 55, shows a form of joint 
auitable for both the lid and base of the mould. Here V-shaped grooves 
are turned in the faces of the metal, care being taken that the 
diameters of the two grooves forming the joint are exactly equal. 
A ring of soft copper wire is then inserted, and the two parts are 
well keyed up with cotters, as before described. 

The boiler for supplying the steam has been constructed by 
Mcssrs. Daniel Adamson and Co. It is 3 ft. 6 in. diameter and 9 ft. 
high, and is intended to  be worked at a pressura of 200 lbs. per 
sq. in. The main pipe M, Fig. 6, for supplying the steam, follows 
the curve of the pit, about 12 in. from the side and 18 in. below the 
surface of the ground, Fig. 5. The branch steam-pipe B is of 
copper, bent to give elasticity, and has at one end the lid of the 
mould, and at  the other a stop-valve. The stop-valre is attached t o  
a hollow sleeve S, shown enlarged in Fig. 7, which revolves on an 
elbow attached to the main steam-pipe, and is kept tight by means 
of stuffing-boxes. The elbow has a blind end, and within the sleeve 
is pierced with holes, through which the steam passes to the branch 
pipe. When not in use, the copper coil, lid, and coupling can be 
thrown back, as shown dotted in Fig. 5, and, if desired, may fall into 
a pit made for the purpose, and covered over with an iron plate 
hinged at one side. No doubt other plans for applying steam 
pressure could be suggested, and various modifications will be 
necessary to suit different conditions of working. 

At the Cambris Steel Works in Pennsylvania an attempt was 
made some two or three years ago to inject water through the cover 
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of the ingot mould, after the metal had been poured. The heat of 
the molten steel of course generated steam, which acted as a 
compressing medium ; a safety-valve being provided and loaded to 
the pressure required. The disadvantages of this system, as 
compared with that now described, are sufficiently obvious ; the 
complication of parts and the danger from explosions being very great. 

The results obtained by the process of casting ingots under 
steam compression are highly satisfactory. Not merely is the ingot 
perfectly sound, but the action of the steam is such as to enable 
the men to work it earlier and in a hotter state than with the 
ordinary method, so that there is an appreciable increase in the 
output. The presence of the steam also acts beneficially on the 
sides of the mould, and causes it to last longer. 

The pressure necessary to produce a perfectly sound ingot will 
depend upon the quality of steel to which it is applied. At the 
Edgar Thompson Works i t  is found that for ordinary rail metal 
100 lbs. per sq. in. is sufficient. But for milder steel a higher 
pressure is needed ; and since experience has proved that steam is 
readily dealt with at very high pressures, there does not appear to 
be any reason why 1000 or 1500 lbs. per sq. in. should not be 
applied if required. I t  is only a question of giving sufficient strength 
to those parts which are exposed to the pressure. As a matter of 
fact the boilers designed by Mr. Loftus Perkins mill carry a steam 
pressure of 2000 lbs. per sq. in. with perfect safety. The question of 
making tight joints between the ingot moulds and covcrs with such 
high pressures is one of considerable importance ; but there are 
several ways in which this difficulty may be overcome." I n  using 
steam at a very high pressure the size of the supply pipe may be 
considerably reduced and the mode of attachment greatly simplified ; 
and since the amount of steam used is inconsiderable, the size of the 
boiler would be correspondingly small As an alternative, in cases 
where high pressures are needed for the consolidation of fluid metals, 
the author proposes the use of compressed air. With this system a 
pressure up to 1500 or 2000 lbs. per sq. in. may be obtained without 

* Sec Plate 55, mid below, p. 417. 
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danger or digculty, as is completely demonstrated by the torpedo 
practice at Woolwich, and by the experiments carried out by Colonel 
Beaumont, in connection with the use of compressed air for tramway 
locomotion. 

The advantages of an elastic compressing medium in the 
consolidation of fluid metals, as compared with the hydraulic 
process, scarcely need to  be dwelt upon. I n  applying hydraulic 
pressure a rigid piston ie necessary ; and the outer portions of the 
cooling mass (which are the first to set) must be crushed down, 
before the interior portions, which are still liquid, are reached 
by the pressure. A considerable amount of power is wasted in 
consequence. I n  addition the fluid metal is forced against the sides 
of the mould, that is in a contrary direction to that which it naturally 
follows in the operation of cooling. With steam or compressed air 
the operation is reversed: as soon as contraction commences the 
entire ingot is surrounded by a uniform pressure, which continually 
follows up the natural contraction of the mass. 

Tn conclusion, the author would suggest that the principle of 
elastic pressure, in connection with the consolidation of fluid metals, 
although at present applied to Bessemer ingots only, is well worth 
the consideration of those interested in the manufacture of all kinds 
of steel and iron castings, and particularly of heavy guns, 

Discussion. 
Mr. E. WINDSOR RICHARDS thought it might be interesting to $he 

members of the Institution to be informed of what had been done 
in the matter of compressing fluid steel at the Works of 
Messrs. Bolckow Vaughan & Co., Middlesbrough. To make the 
matter clear, he had photographed some ingots, one not compressed, 
and the others compressed. I n  order to show the structure of these 
ingots, he had had them cut completely through from top to bottom ; 
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for, if an ingot were simply nicked all the way round and then 
broken across, that part might be found solid, while the rest was 
not. Thus Fig. 16, Plate 56,  was an ingot, not compressed, which 
had been cut down the centre, and showed the cavities due to 
the occluded gases. If it had been nicked across and broken at 
the line A B, it would have appeared solid, and that test would 
have been deceptive. No outside turning or nicking across was 
sufficient. I t  appeared to him that +he ingot in cooling had itself 
tried to get rid of the gas. The gas had gone to the centre, 
vhich of course remained fluid longer than the outside; as the 
steel became solid, it had compressed the gases right into the centre 
of the mould. The next ingot, Fig. 17, had been compressed with 
steam of the ordinary boiler pressure at the works, 80 Ibs. per sq. in., 
and the effect could be seen : a considerable quantity of the gas had 
been driven off, but not all. A locomotive boiler had then been 
brought into the works, with 130 lbs. steam, at  which pressure two 
of the ingots had been compressed; but it would be seen by the 
photographs of these, Figs. 18 and 19, that all the gases had not 
been quite driven out even then. Mr. Adamson was now making 
them a boiler to work at 250 lbs. pressure, which they hoped to 
hare in operation in about a week. He was sorry they had not 
been able to get it at work previously, because he thought it would 
have shown that with that pressure they could get a completely solid 
ingot. 

The next point was to determine what the gases really were. Old 
forge and mill managers, years ago, whenever they got into any 
trouble with their iron, always attributed it to sulphur. Latterly with 
steel the fault had been similarIy laid on carbonic oxide. With a 
view of ascertaining what the gases really were, he had made a large 
tank, and dropped an ingot into it when filled with water, The ingot 
rested upon a drill 2$ inches in diameter, inserted from the lower 
side, with a stuffing-box to prevent the escape of the water j a pair of 
mitre wheels with a strap mere attached to the drill. The weight of 
the ingot was 25 cwts., and this gave sufficient pressure to drill the 
steel. They were enabled in that way to* put in a hole 24 inches in 
diameter, and penetrating 4 inches into the ingot. The gases issuing 
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were collected and analysed by Mr. Stead of Middlesbrough, upon 
whose figures and analyses he confidently relied ; the experiment had 
also been tried again a second time, and the second trial corroborated 
the results of the first. I t  had thus been ascertained that the gas 
occluded in steel had the following composition :- 

Hydrogen. ...................................... 78.6 per cent. 
Nitrogen ........................................ 20.4 , . 
Carbonic Acid. ............................... 0 . 2 , , 
Carbonic Oxide .............................. 0 . 8 .. - 

100.0 __ - 
So that it was not carbonic oxide gas at all, but hydrogen ctnd nitrogen. 
I t  mas quite clear from the photograph that the gases existed in steel 
in a high state of tension ; and this was further proved by the large 
quantity of gas got out of the comparatively small hole he had 
described, from which 301 cubic centimetres, or 18 cubic inches, of 
gas was collected at atmospheric pressure. .He therefore considered 
the process of compressing steel by steam pressure would be most 
valuable. If all stccl makers would take the trouble to slot their 
ingots in the way he had described, he thought they would bc 
surprised at the nnsoundness revealed, and would arrive at the 
conclusion that it was absolutely necessary to get rid of the gases 
in order to obtain sound steel. I t  appeared to him that gases existed 
in steel almost in the same manner as carbonic acid gas existed in 
soda-water ; and it was only necessary to have sufficient pressure on 
the top of the ingot to expel them altogether. He really thought 
that was the only theory which could be accepted; at any rate it 
had the merit of simplicity. 

The PRESIDENT said he did not understand the comparison with 
soda-water. When the pressure was on the soda-water, the carbonic 
acid gas was dissolved in i t ;  but when the pressure was lowered 
the gas escaped. Did Mr. Richards speak of expelling the gas 
mechanically from the steel, or of absorbing it chemically? Did the 
metal absorb the gas under the pressure, as the soda-water absorbed 
carbonic acid gas ; or did the pressure drive out the bubbles ? 
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Mr. E. W. RICHARDS considered that the gas existed in steel 
in a gaseous state, and was thoroughly mixed with i t ;  it only 
required mechanical pressure to get rid of it. The ingots shown 
in Figs. 18 and 19 proved that the gas had been squeezed into the 
centre while the steel was fluid, and then forced out through the 
bottom of the ingot mould, the pressure being only on the top. 

Dr. C. W. SIEHENS said the advantages to be derived by compressing 
steel in a fluid condition had been proved by Sir Joseph Whitworth, 
who for a number of years had produced steel of a very high quality, 
made in the open-hearth furnace, and subjected to very high pressure 
by hydraulic pumps while in the state of fluidity. Other steel 
makers had tried to arrive at the same result by similar means. This 
was perhaps the first paper that had been brought before them giving 
a distinct account of an attempt to obtain the same advantage by 
pressure exerted upon fluid steel, without resorting to the very thorough 
but expensive plan adopted by Sir Joseph Whitworth. At various 
times he had himself tried to bring pressure, resulting from the 
spontaneous generation of gases within the closed ingot mould, to 
bear upon steel ; but he had not obtained altogether satisfactory 
results. Accordingly, when last year the subject of steam compression 
was brought before the Iron and Steel Institute, he immediately 
offered to make an experiment ; but he had found that for mild steel, 
such as he operated upon, a very high pressure was certainly 
necessary. Sir Joseph Whitworth had found that 3 tons per sq. in. 
was the pressure necessary to produce solid metal. They now heard 
of 100 lbs. or 150 lbs. per sq. in. being sufficient to produce success; 
and from the' photographs exhibited by Mr. Richards it was evident 
that a certain degree of success was obtained, although the holes in 
the metal were not entirely got rid of. I n  the case of very mild steel 
they were also troubled with holes near the surface, which they called 
honey-combs ; and it was to get rid of these that the heavy pressure 
seemed to be necessary. The large cavities formed in the centre of 
the ingot would no doubt be, if not removed, very much reduced in 
size by such moderate pressure as had been mentioned; but he was 
quite certain that, in the case of mild steel, to get rid of the honey- 

 at University of Bath - The Library on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


404 STEEL UOMPRESSION BY STE.4Y. - ~ U U ~ T  1880. 

combs they would have to resort to a pressure of 1 ton, if not of 
2 tong, per sq. in. 

With regard to the interesting question raised by Mr. Richards, 
as to how the pressure acted upon the gases which had been occluded, 
he confessed that he was in the same dificulty as the President. He 
could not conceive how, by applying pressure to a fluid mass, they 
could induce one ingredient out of several to go from the centre to 
the outside, or from the outside to the centre. The pressure was the 
same throughout over the whole surface ; and all he could conceive was 
that by that pressure the volume of say one cubic inch of gas would 
be reduced, if the pressure were high enough, to say one-tenth of a 
cubic inch; or it might be that the gases would be reabsorbed 
in consequence of the pressure, and thus return to their former 
combination with the steel. Mr. Richards had drawn a comparison 
between steel and soda-water. Now when the cork of the soda-water 
bottle was lifted, the whole contents became a froth, and might be 
called spongy soda-water. If the cork were .pressed down again, the 
frothing would immediately cease, the gases being again absorbed 
in the liquid. Therefore i t  was quite conceivable that by the 
application of a sufficient pressure to fluid steel, although the gases 
were not expelled, they might remain occluded in the steel. He 
imagined that this would be the real solution of the problem. But 
there could be no  doubt that, if the cavities could be prevented in 
the ingots, a great gain would be secured ; and he should be glad to 
sce that, by the application of so moderate a pressure as was mentioned 
in the paper, this result could be obtained. 

While discussing the question of steel, he should be glad, with the 
permission of the President, to make a few observations upon the 
more general question of mild steel. Within the last week or two 
a great deal had been said about this steel not being reliable, and they 
had heard of boilers giving way mysteriously under a very moderate 
pressure. I t  so happened that he had been made cognisant of some 
of the circumshnces regarding the failures which had been prominently 
alluded t o ;  and he might say that, although the first boiler had 
failed under pressure, the second was found to be ren% in precisely 
the same manner without any pressure having been applied : clearly 
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showing that it was not a case of weakness of the metal, under so 
very moderate a pressure as 140 lbs. per sq. in.; but that from one 
cause or another the metal had been broken and cracked previous 
to testing. He could not speak as to the cause of the metal being 
in that condition; and he would only say at present that mild 
steel, properly made and properly put together, would not burst under 
any pressure whatever. I f  a boiler made of mild steel were subjected 
to an increasing pressure, it  mould be found impossible to burst it. 
And it was natural that this ahould be so. A material that would 
stretch 30 per cent. before rupture, would naturally give way first at 
the weakest sections, namely those through the rivet-holes ; the 
round rivet-holes would become oblong, until sufficient water or 
steam leaked out to balance the amount of water pumped in or steam 
generated. That was not a mere hypothesis of his. He had witnessed 
some experiments made by Nr. Dean, the locomotive superintendent 
of the Great Western Railway, in the presence of Nr. Parker, the 
chief surveyor of Lloyd's, and described in a paper by Nr. Parker 
before the Inst. of Naval Architects* in 1878. The leakage began at 
560 Ibs., and the highest pressure reached was 800 lbs. Messrs. 
Easton and Anderson had also tried a boiler made of mild steel ; and, 
in order to increase the severity of the test, between each trial they 
put the boiler into a furnace, made it red hot, and then took it out 
again, caulked it where it appeared necessary to close the seams, and 
then again subjected it to a pressure of several hundred pounds per 
sq. in. He believed that Nr. Greig had also made similar experiments. 
It might therefore almost be taken as a; axiom that a steel boiler 
could not be burst ; it might be made leaky, but that was all. 

With regard then to the great question as to whether mild steel 
was a reliable material or not, he would answer most unhesitatingly 
that it was the most reliable material they knew of; they might 
punch, shear, bend it, or do what they liked with it, but they would 
not in any way destroy its tenacity. By way of practieal proof he 
might mention one other fact. The steamers Iris and Mercury had 
been constructed of mild steel about three years ago for the Admiralty : 

* See Transactions of the Institution of Naval Architects, 1878, p. 178. 
2 1  
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not only the shell-plates of the vessels, but the angles and the whole 
of the boilers were all constructed of that material ; and amongst all 
the plates and angles not one had been returned as defective in 
quality. Since then the Admiralty had used steel for the construction 
of their boilers and ship plates, almost to the exclusion of iron; and 
although probably more than 10,000 tons had been used, he believed 
he was correct in saying that no plate had been returned as being 
cracked or unsatisfactory, except a very few from mere mechanical 
blemishes. There had been no case of mild steel, properly made 
and worked, giving way in a mysterious and treacherous manner. 

The demon of cheapness however seemed to be abroad, and it had 
settled especially .upon steel. The works with which he was more 
particularly connected had introduced two qualities of mild steel : 
one which was to compete for price in the open market ; and another, 
called lL special metal,” which was vouched for as being in every way 
reliable. This Fetal was not only made of more expensive material, 
but it received gre’ater attention, and was worked to a greater extent : 
crop ends mere cut off more resolutely than one could afford to do 
under all circumstances; and consequently it was rather more 
expensive to produce than ordinary steel. But he was sorry to say 
there were many engineers who, for the sake of 52 or 53 per ton, 
preferred the unguaranteed material for the construction of their 
boilers ; others however took only the special or guaranteed material. 
It appeared’strange to him that there should be such a tendency 
to get cheap steel for the construction of boilers &c. ; because, when a 
good iron boiler was wanted, Yorkshire iron was used, costing from 
$22 to 540 a ton ; whereas reliable sZeel plates could be obtained for 
rE14 to 516 a ton. The special steel plates thus cost a great deal 
less than what engineers were willing to pay for the best Yorkshire 
plates; but engineers would have the cheapest steel, at perhaps 
$11 to S13 a ton, and took their chance. He thought it was a very 
dangerous policy, and one that naturally led to the dissatisfaction of 
which they had h’eard. 

He might mention another form which steel now took, and which 
had received his special attention : he referred to the production of 
rivet-bars. For a long time engineers had continued to  use iron 
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rivets for riveting steel plates together. He had always considered 
this was like stitching a silkgown with a cotton thread, making the 
stitching material a weaker thing than the material to be stitched. 
Latterly a certain confidence had been created in favour of steel for 
rivet-making ; and great care was taken in producing rivet-steel of 
such a quality as would make it perfectly reliable. But what was 
the fact ? Since rivet-steel had been brought into the market, it  was 
not sold for so high a price as was given for the best rivet-iron. The 
latter cost as much as 519 a ton, but for rivet-steel engineers went 
down at once to the very cheapest quality they could get, which he 
might mention was steel rolled from cropends, and with all the 
defects of crop-ends about it. I t  was therefore unfair to criticise 
steel severely, unless all the circumstances regarding it were known, 
and above all things unless it was known what price had been psi4 
for it. 

Mr. THOMAS ADAMS had had the honour of making experiments 
for the Board of Trade on the strength of mild steel plates. The 
officers of that department had for some years been experimenting 
at Liverpool and elsewhere, without being able to get beyond about 
500 lbs. per sq. in., or to destroy a $-in. plate. At the Steam 
Navigation Co.’s works in London they reached the unprecedented 
pressure of 1300 lbs. per sq. in., but still thcy could not destroy a 
yc-in. ‘plate. They then entrusted the work to him at Manchester, 
and he had succeeded in getting up a pressure sufficient to destroy 
any plates they tried, *ith only an inch ram, having s 6-in. stroke, 
and worked by hand. The highest pressure reached was 2050 lbs. 
per sq. in., without the semblance of a leak. The test they gave the 
joint was that they forced the pressure up to 500 lbs., and then took 
the pressure off, and measured the,distortion of the plate; they then 
applied the pressure again, increasing it to 550 lbs., and measnred 
thd distortion again; and so on by steps of 50 lbs. up to 2050 lbs. 
The steel that stood the highest test was that of Dr. Siemens. 

With regard to the subject of compressed steel, he believed the 
only benefits obtained were those derived from getting rid of the 
lioles in the centre of the ingot. The interstitial spaces between the 

2 1 2  
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molecules werc closed up ; in other words, one molecule was closcd 
in nearer to the next, and thereby a greater molecular cohesion was 
produced, due to thc attraction of the metal in cooling. I n  going 
into the geometrical calculation he found that the gain got by thc 
pressure of about 2 tons per sq. in., which Sir Joseph Whitworth 
applied, was about 18 per cent. in the tensile strength of the steel. 
I n  ordinary cooling, when the internal friction of the molecules a d  

the power represeiitcd by their mutual attraction became balanced, 
the molecules could go no further towards one another, and the 
interstitial spaces could not be further filled up by the natural 
cooling of the mctal ; but the application of any external force 
brought the molecules further in towards one another, and gave 
additional surface of contact between them ; and the metal would thus 
have a greater tensile strength than it would have when cooled in 
the natural \my. 

Mr. A.  PAGET asked whether the plates tested by Mr. Adams were 
spherical, tubular, or flat; also if he would state, roughly at all 
events, what the sizes were, in what way the joint was made, and 
what the test was. 

Mr. T. ADA~US said the plates were flat surfaces, one yard 
square. There was a frame 3 in. thick, with a stronger plate 
bolted at the back of it, which would not break ; and the plate to be 
destroyed was fixed in front by the same bolts. To  make the joint, 
he simply took a piece of twine and laid it round and round, making 
a joint of two strands of twine inside aqd two outside the row of 
bolts. The plate in front, under a certain amount of pressure, would 
extend itself, and the water would then pass through the inside 
strands of the twine ; but the bolts acted as a fulcrum, and the more 
the plate extended from the inside strands of twine, the harder did 
it press on the joint outside ; and thus-so long as care wa8 taken 
that the heads of the bolts (which were far better than rivets) and 
the nuts were tight-the higher the pressure, the tighter would 
the joint become. The flat plates were all stayed with steel stays, 
made to be a good fit both in the back plate and in the front plate. 
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Mr. G. J. SNELUS had given some attention to the question of 
compressing steel, which was one that deserved to be followed up in 
a more scientific way than hitherto. Mr. Richards’ illustration was 
that of the gases in a soda-water bottle; but this he thought was 
hardly to the point. Speaking from the chemical as well as the 
mechanical side, it was clear there were two ways of approaching the 
question of destroying these gas bubbles. One was by applying 
mechanical means for getting rid of them ; and if the result were 
reached in this way, that would be sufficient for all practical purposes. 
But it was certainly important to find out why the desired end should 
have been reached in this way. Mr. Richards had mentioned that 
there had been rather a delusion as to the nature of the gases 
enclosed in steel; inasmuch as for a considerable time it had been 
supposed that the only gas contained in steel was carbonic oxide. It 
was true that for some time that view had been held : he thought 
i t  originated with Mr. Bessemer, who had told them that, in a 
very early stage of his experiments, he had put an ingot of steel, 
immediately after casting, into an air-tight vessel, from which he 
had afterwards drawn off the ordinary air;  he had then gone on 
pumping, and had got an enormous volume of carbonic oxide. 
No doubt that was to a considerable extent a correct experiment, 
and there was a large quantity of carbonic oxide given off from 
the ingot during the time it was setting. But what he wished to 
point out was this: that during the process of blowing in the 
Bessemer converter there were a number of gases generated in 
addition to those which were blown through the metal. Air was 
blown through the metal, containing nitrogen, oxygen, and some 
carbonic acid; but in the process of blowing, carbonic oxide and 
carbonic acid were generated. At a very early meeting of the Iron 
and Steel Institute he had had the honour of reading a paper” on 
the composition of the gases which were evolved during the Bessemer 
process; and he had clearly shown that at the beginning of the 
process carbonic acid was mainly generated ; and that, as it went on, 
carbonic oxide was the main product; and that, whereas at the 

~ 

* See Journal of the Iron and Steel Institute, 1871, vol. ii., p. 247. 
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beginning there was about 10 or 15 per cent. of carbonic acid in 
the gases coming out of the converter, the experiment finished with 
a very little carbonic acid and between 20 and 30 per cent. of 
carbonic oxide. That experiment had been repeated by various other 
investigators, and found to be correct. They had therefore coming 
out of the metal, nitrogen, oxygen, carbonic acid, and carbonic 
oxide; and it was a question which of those gases was retained in 
the metal and formed the cavities. 

As to this he wished to point out that there were two features in 
the case. There was no doubt that certain metals occluded certain 
gases. For instance, palladium would occlude hydrogen up to seven 
hundred times its own volume. It was clear that gas in that state 
did not exist in the cavities only. Again, silver occluded oxygen, 
but did not occlude hydrogen ; it  gave out oxygen at the point of 
setting. The well-known action of a globule of silver at the 
moment of setting had been carefully investigated, and it had been 
proved to be due to the oxygen, which had been occluded while the 
metal mas in a fluid state, and mas given out when the metal set. 
I t  was therefore clear that certain metals had affinities for certain 
gases, as palladium for hydrogen, and silver for oxygen; and he 
thought it would be found that steel had an affinity for carbonic 
oxide, and occluded it. On the other hand, he thought it would be 
found that the affinity of steel-or rather of pure iron, because it was 
hardly correct to call it steel-was less for hydrogen than for 
carbonic oxide ; and the consequence was that, when those gases were 
all formed in the mass of metal together, carbonic oxide was probably 
occluded and sealed up in the iron, like hydrogen in palladium or 
oxygen in silver ; whereas hydrogen was not so easily occluded, and 
therefore remained in the cavities. Perhaps therefore they were 
right in assuming that the bulk of the gas which came out of steel at  
the moment of setting was carbonic oxide. Prof. Miiller of Osnaburg 
had been the first to prove that the gases remaining in the cavities 
were mainly, as Mr. Richards had said, hydrogen and nitrogen." 

* See Proceedings Institution of Civil Engineers, vol. hi., page 360; and 
vol. Ix., page 495. 
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These he thought were very important facts to bear in mind in 
considering the question of getting rid of gases. 

He thought further that it would be found there was another 
method of getting rid of the gases, besides pressure. It was likely 
that, when pressure was applied, not only was the gas that was 
contained in the cells compressed into a smaller space-for he could 
not believe that it was squeezed out-but also that the metal under 
that compression acquired a greater power of occluding those gases ; 
rtnd therefore part of the gas might re-enter the metal in that occluded 
condition, while another part of it might simply be compressed. I f  
that was the case, it  was quite probable that some chemical means 
might be found for causing the hydrogen to be occluded in the steel 
instead of forming bubbles. It appeared from the experiments of 
Dr. Miiller and Mr. Richards that those bubbles were not formed of 
carbonic oxide, but of hydrogen. He hoped therefore they might 
ultimately arrive at means of getting some constituent into the steel 
which would cause the hydrogen to be occluded in the same way as the 
carbonic oxide was already occluded; and if this were done, it was 
clear there would be no gas bubbles due to that cause. There might 
still be cavities due to the shrinkage of the metal in the interior, 
after the outside had set ; and such a case at present was only to be 
cured by outside compression. . It was therefore important to 
investigate the other side of the question-the chemical side-and 
to see whether those cavities could not also be reduced by chemical 
or metallurgical means. 

Mr. JOHN HAYES suggested that, if it were wished to derive the 
greatest benefit from the application of steam pressure to fluids and 
molten metals, it would, in the present instance especially, be better 
to  admit the steam at both ends of the mould, rather than on the 
tob only. The practical application of that principle in a somewhat 
modified form might be seen in the duplex steam-hammer, as often 
utilised for important forgings, as in welding up the rims of 
wrought-iron wheels for locomotive engines. The application of 
direct steam pressure at the top would not be likely to cause that 
pressure to penetrate uniformly throughout the ingot ; and therefoze 
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the specific gravity of the steel operated upon would be at a 
maximum at the top, and at a minimum at the bottom-a very 
undesirable result. If however the higher pressures adopted by 
Sir Joseph Whitworth, and approved by Dr. Siemens were right,- 
namely from 1 to 2 tons per sq. in.,-he thought steam was the 
wrong thing to use, and that hydraulic pressure was far preferable 
in ‘,such a case, looked at simply from a mechanical point of view. 

Mr. T. B. SHARP, who concurred with Mr. Snelus, said that for 
the last six or seven years he had been experimenting on the casting 
of metals; and he had succeeded by chemical means in casting 
copper (notoriously a. most difficult metal) perfectly sound from the 
bottom to the top, in an ingot 4ft. high and 7 in. across. That had 
been done by chemical mems entirely. Casting any sort of metal 
under any system of pressure was in his opinion but provisional 
and temporary, until the right chemical means could be discovercd 
for doing the work without pressure. This had recently been fully 
realised in the ease of copper. Taking a ladle of molten copper, 
he had poured some into one mould by the ordinary process, and it 
was very porous; and he had poured some into another mould and 
treated i t  chemically, and it was perfectly sound. There was no 
difference at all in the analysis of the two; they varied only in 
their specific gravity, and, when rolled down, in their tensile strength. 
Had the porous casting been compressed and rolled, though appearing 
sound it would have been full of cc cold shuts ” ; but the chemically 
cast copper was so uniform that a piece planed off t i n .  below the 
top of the ingot would show no difference as to its specific gravity 
from a piece planed off the bottom or any other part. Copper tubes 
cast under pressure were formerly sold at  1s. 3d. per lb.; whereas 
better tubes, made sound chemically, were now sold at only 9d. per lb. 
This he considered the most practical and convincing proof of the 
superiority of a chemical over FI, mechanicd method of treatment. 

There was the 
bubble at the outside, connected with the outer air, and formed of 
gas generated on the sides of the mould, which did not pass into the 
metal. at all ; there was the interior or isolated bubble, which had 

There were three sorts of bubbles in cast metal. 
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passed from the side of the mould into the metal and stopped there ; 
and there was a third species of bubble, which3n his opinion was 
given out in the act of setting. He considered pressure only got 
rid of the unisolated bubbles on the outside, which being connected 
with the outside atmosphere became gradually less and less, and were 
ultimately flattened up against the sides of the mould. The bubbles 
on the inside were simply reduced in diameter in proportion to the 
pressure ; they could never disappear even under very intense pressure, 
unless, if such a thing were possible, the gas was forced into chemical 
combination; but the microscope had revealed the contrary in all 
the specimens of mechanically compressed metal that he had ever 
examined. Again, apart from the want of thoroughness and the 
costly nature of the pressure cure, a further reason why he considered 
the chemical method the true one, and the one which ought to be 
aimed at  in steel, was that only the very simplest forms, such as bars 
or thick cylinders, could be treated by pressure; castings of a 
complicated nature could obviously be treated by chemical means 
alone. He apologised for having strayed in his remarks from steel 
to copper ; but as all the same difficulties to be met with in casting 
the one metal were present in casting the other, he had done so with 
a view to directing the thoughts and experiments of steel makers 
towards what he had long suspected, and had recently found, to be 
the right groove as regarded copper. 

The PREEIDENT said Dr. Siemens had mentioned a fact which was 
well known to some of them, namely that a mild steel boiler could 
not be burst with hydraulic pressure. He was perfectly convinced 
of that himself; but he thought some of the members who were not 
so fully convinced respecting it would like to have the satisfaction 
of seeing such an experiment performed, and he had asked Mr. J. T. 
Smith some months before to prepare a small experiment of the kind. . 
The members would accordingly see in the afternoon, at the Barrow 
Steel works, a small steel boiler,* 4 ft. in diameter and 4 ft. long, 

* This boiler stood 4201bs. per sq. in., and then leaked so much as to 
overpower the pump. See i.fra, p. 483. 
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as shown in Figs. 20 and 21, Plate 56, which they would try to burst 
with hydraulic pressure, and he believed they would find that it was 
impossible to burst it  ; they would simply make it ieak badly. 

Mr. ARTEUR PAGET asked if the author would kindly inform the 
members whether it was within his knowledge that (as he was himself 
informed), before the system of compressing steel by high-pressure 
steam was known either in England or America, a paper had been 
read before a sister Institution in France, embodying identically the 
same principle, with the addition that the writer of that, paper 
had found the action of the steam, in compressing the steel, was 
assisted if there were the means of keeping the top of the ingot 
fluid for a longer time. Perhaps the author would state whether 
that was the case ; because if so, as a matter of international courtesy, 
the name of the writer who had carried out the experiments and 
written the paper ought to be known. 

He should like also to ask the author whether he was aware that 
(as he had been informed) a system somewhat parallel to the one 
described, but using air as a means of communicating the pressure to 
the ingot, was now in use at Bolton. 

There was one part of the author’s paper which he did not 
quite understand. At page 400, it seemed to be implied that the 
pressure by a ram on the ingot would have a different effect from 
that of pressure by an elastic medium like air or steam. I f  the 
object of the pressure was, as Mr. Richards’ interesting remarks 
led them to suppose, to cause the gases to sweat out of the metal, 
then it seemed to him there was no difference between the effect 
of the elastic fluid, steam or air, and that of a solid ram. If on 
the other hand the idea was that, instead of the gas sweating out 
through the pores of the steel, the pressure caused the metal to 
combine chemically with the gas, then it appeared as if steam 
or air might have ra better effect than the solid ram. 

Mr. R. E. B. CROMPTON observed that, in the gases which 
Mr. Richards appeared to have found to consist mainly of hydrogen 
and nitrogen, the proportions were very closely those that would 
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form ammonia; and the ammonia being soluble in water, it was 
quite possible that the steam process might considerably aid the 
extrication of the gases from the steel by the combination of ammonia 
with the water in the steam. 

With regard to the question of the occlusion of gases in iron 
and other metals, Mr. Edison in America had made a series of 
interesting experiments on wire-whether his published results had 
been conhned by the researches of others or not, he had not heard,-- 
and apparently had come to the conclusion that, if the whole of 
the occluded gases were expelled, the metal 'entirely lost its ductility, 
and became extremely hard. That was equally the case with iron 
wire and with platinum." 

Mr. R. H. TWEDDELL aaked the author to state what was the 
specific gravity of the ingots after being subjected to the pressure, as 
compared with those not subjected to it. 

Mr. WINDSOR RICHARDS asked leave to mention that the gases 
he had referred to were taken from steel not compressed at all. 

Mr. DAVIS in reply said that Mr. Richards' photographs showed 
that a moderate pressure had a decided effect upon the ingot, but that 
the pressure tried had been insufficient; and, as Mr. Richards had 
stated, Messrs. Bolckow Vaughan and Co. were now fixing a boiler 
to be worked at a pressure of 250 lbs. per sq. in. For ordinary rail 
metal he did not think more than 200 lbs. per sq. in. would be 
found necessary. At the Barrow Steel Works on the previous day 
several ingots had been cast under 175 lbs. or 180 lbs. pressure, and 
one of those ingots ,would be exhibited to the members visiting the 
works in the afternoon. One of the most important points was to 
apply the pressure directly after the pouring was stopped. In the 
arrangement he had suggested to Mr. J. T. Smith, which had now 
been carried out and was shown in Plate 54, the pressure could be 

* See First Report of the Committee :on the Hardening, Tempering, and 
Annealing of Steel. 
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applied very quickly. In one case it was on in 13 seconds after the 
pouring had been discontinued, and in two or three other cases in from 
15 to 20 seconds. Prevention was better than cure; and it was an 
advantage to prevent the metal from rising in the mould, which could 
be done by applying the pressure quickly; a much lower pressure 
mas then necessary than if the metal were allowed to boil and bubble 
first. If greater pressure was necessary for milder steels, as Dr. 
Siemens seemed to think, it appeared to him that a greater pressure 
could be easily obtained. I n  the boilers constructed by Mr Perkins, 
to which he had alluded in his paper, there was no difficulty in 
obtaining as high a pressure as could be desired; and the facility 
of conducting the steam at high pressure was greater than at a lower 
pressure, because they could work with a smaller pipe and smaller 
tubes. 

Mr. Paget had asked whether he was aware that a similar process 
had been applied in France. He was quite aware that it had been;" 
and in the draft of his paper he had inserted a paragraph bearing 
upon that matter; but khat paragraph had been struck out, he 
believed on the ground that the Institution did not concern itself 
with priority of invention. As the matter had been alluded to, he 
might be allowed to read an extract from a letter which he had 
received from Mr. H. R. Jones on the subject :-'' In reply to a letter 
published in Engineering of 21 November 1879 (page 403), headed 
' The Consolidation of Fluid Steel,' and signed ' Justice,' I would state 
that I first experimented on compressing steel with steam in 1875. 
I have no desire to take from M. Considhre one particle of credit for 
his invention. I t  seems that we both hit on the same idea at  nearly 
the =me time, and being separated by thousands of miles there can 
be no doubt that it is a case in which the integrity of either inventor 
cannot be questioned." 

Mr. Paget had also asked if he was aware that the process of 
using compressed air was in operation at Bolton. Some time ago he 
had himself designed a plan for the use of compressed air; but he 
had not heard of the process being at  work at Bolton at all. 

* See Proceedings of the Socie'te' de 1'Industrie minCale de St. Etieime, 
March, 1Sii. 
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Figs. 9 to 15, Plate 55, which had not been referred to in the paper, 
were simply sketches of methods for constructing ingot moulds. By 
the mode shownin Fig. 9 he thought they might dispense with one of 
the joints ; there would be a conical plug at the bottom, which the 
weight of the metal would keep tight, and there mould only be a top 
joint to contend with. After the ingot had been cast, the mould mas 
intended to be turned over, and the ingot dropped out in the ordinary 
way. Tho joint shown in Fig. 8 he believed was one suggested by 
Dr. Siemens, in connection with Col. Beaumont’s engines using 
compressed air at a very high pressure. Figs. 10 and 11 showed 
a joint for the bottom of the mould, designed by Mr. Henriques. 
There were two, three, or four wedges, wedging the mould down 
against the lips of the bottom plate. Figs. 12-14 showed an 
alternative arrangement, with T-headed bolts instead of wedges. 
Fig. 15 showed a joint designed by Mr. Charles J. Allport to be 
made of asbestos, which might be found a useful material. A good 
joint he thought might also be made at the top with a simple ring 
of copper wire 2, in. thick. 

The PRESIDENT moved a vote of thanks to Mr. Davis for his 
interesting paper, which was carried by acclamation. 

The Meeting was then adjourned to the following day. 

The Adjourned Meeting was held in the Town Hall, Barrow, on 
Thursday, 5th August, 1880, at Ten oycloclr, A.M.; EDWARD A, 
COWPER, Esq., President, in the chair 

The following paper was read :- 
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